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Abstract. The aim of the study is to find possible solutions to represent earthquake catalogue data and design maps 
which can help non-professionals to identify those places where earthquakes occurred frequently. The goal is to 
visualize all available catalogue data sets in a complex way on a single map, displaying the long-term recurrence 
times of earthquakes. Therefore, raw data and aggregated data were combined with different cartographic 
visualization techniques to test the applicability of earthquake maps. Preliminary research demonstrates that 
aggregation can improve the process of retrieving information from earthquake maps and 3D visualization is useful to 
find the places of earthquakes of highest magnitude. A second result is that 3D visualization is not effective in the 
comparison of quantities of released energy and the number of earthquakes. 
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Introduction 
The catalogue is most valuable for scientists and non-
experts as well. The authors in their former study 
recognized that the recent dataset of the regional 
earthquakes of Hungary became so large that the necessity 
of finding various visualization techniques became 
inevitable. There is a long tradition of representing 
earthquakes on maps. In a study, the authors gave a brief 
overview of the difficulties in the cartographic 
representation of large datasets such as the earthquakes 
data catalogue of Hungary and the adjacent region was 
outlined (XXXXXX 2010).  
The authors have already made the first attempts to 
find the optimal visualization technique for representing 
the data of the Hungarian Earthquake Catalogue 
(XXXXXX 2011). An effort was made to combine the 
traditional cartographic symbols system and the possible 
visualization techniques offered by modern GIS software. 
The goal was to visualize the whole catalogue in a 
complex way on one map, as, showing the long-term 
recurrence times of earthquakes, using all available 
dataset ArcGIS and 3D Analyst extension can be possible 
tool in visualization of earthquakes and in finding 
earthquake faults (Gooding 1998). The seismic source 
zones are defined from seismicity distribution and 
seismotectonic criteria, and need a complex data handling 
on maps (Grünthal et al. 1999). 
The problems in the visualization of the data sets are 
as follows. (1) The amount of data is large, representing a 
catalogue of a 1500-year-period; therefore, the 
symbolization of all the data on a single map is very 
complicated. (2) Another problem is the data quality, as 
data were not gathered two hundred years ago in the same 
way as today; nowadays, scientists gather instrumental 
and macroseismic earthquake data and deal with definition 
of earthquake focal parameters too. (3) The determination 
of the exact location of the epicentres is not uniform either 
throughout the Catalogue.  
The specific goal of this research was to analyse the 
usability of various visualization methods for earthquake 
catalogue data among non-professionals. The questions 
were: (1) what kind of information can be retrieved by a 
test person analysing maps created with different methods, 
(2) which visualization method is the most suitable to 
show the events, (3) how effectively can non-
professionals compare the value of magnitude, energy etc. 
on the differently designed maps, (4) how one can 
estimate the value of magnitude or energy of earthquakes 
of a specific space. Testing the use of prediction maps was 
not the task of this study, though the present results can be 
implemented in the future in preparing such kind of maps. 
The effectiveness of prediction maps is very much 
dependent on the fact how the mathematical function of 
the prediction is working behind. Meanwhile, the findings 
of the present research would be a good basis in creating 
high-quality prediction maps helping to choose 
appropriate visualization methods for the communication. 
1. Catalogue of earthquakes in Hungary 
As major earthquakes have occurred recently (Stein et al. 
2012, 2011; Chen, Wang 2010), an extensive discussion 
developed among seismologists concerning the 
discrepancy between the earthquakes and prediction maps 
(Kerr 2011). Researchers analysed the problem and they 
realized that these maps have to be retested and the 
communication with the local communities must be 
enhanced. It is still problematic to predict the place, time 
and magnitude of future earthquakes. Locations of past 
small earthquakes are good predictors of the location of 
future ones (Kafka 2007), so the earthquake catalogues are 
very important for this purpose. In contrast, according to 
some scientists (Stein, Liu 2009), these small earthquakes 
may be the aftershocks of past large ones; therefore, these 
shocks cannot be automatically considered good 
indicators of future large earthquakes (Stein et al. 2012). 
Hungary is at moderate risk of earthquakes, where 
earthquakes measuring M4-5 on the Richter scale occur 
every 15–20 years, while those measuring M6.0 or more 
occur only every 100–150 years. Although Hungary is not 
typically of the home of large earthquakes, the analysis of 
the several smaller ones, on which data is stored in the 
Hungarian Earthquake Catalogue, would be useful to 
indicate future ones. The earthquake catalogue indicates 
significantly higher seismic activity on certain areas, 
where other earthquakes are expected in the future by 
seismologists (Tóth et al. 2008). To analyse the 
earthquake recurrence times, the use of all of the data of 
the Catalogue is necessary. Systematic earthquake data 
collection in the Pannonian region started in the 
nineteenth century (Zsíros T. 2000; Tóth et al. 1995–
2001–2011). The Hungarian Earthquake Catalogue 
contains about 25 000 earthquakes dated from 456 A.D. 
until present. Earthquake catalogues are also very 
important in representing the seismic activity in a region. 
The examination of data stored in a catalogue evidently 
illustrates the seismically active regions, and provides a 
strong basis for studying the geological structure 
responsible for earthquakes and for developing 
seismotectonic models (XXXXXX, 2010).  
2. Interpreting heterogeneous data 
At the beginning of the test, the authors informed the test 
participants about the special feature of the long-time 
extension of the earthquake catalogue. The epicentres of 
several earliest earthquakes were referenced to the middle 
of the country, which may cause false conclusions. The 
communication of the earthquakes in education has a 
basic role. People should understand the risk of 
earthquake occurrence in their county. They should 
understand why standards like Eurocode 8 should be 
followed in engineering. The horizontal peak ground 
acceleration (PGA) was computed by probabilistic method 
according to the requirements of Eurocode 8 earthquake 
safety standard: the result was 90% probability of non-
exceedance in 50 years, that is with a return period of 475 
years in Hungary (Tóth et al. 2006).  
For these purpose the authors design to test the possible 
way of the effective communication of visualization 
methods of earthquake maps. 
3.Test map design 
The authors tested 11 different maps based on the 
dataset of the Hungarian Earthquake Catalogue. These 
maps only show the previous and recent movements, but 
the prediction of the possible earthquake-locations is not 
their task. These maps were tested for visualization 
purposes and the research concentrated on how well test 
persons could use them in studying the history of 
earthquakes of Hungary. 
In the fall semester 2012, 97 BSc students from land 
surveying and 12 BA students from public administration 
management participated in the Information Technology 
course and the introductory course of Geographical 
Information Systems. They took part in the test for the 
present study. In total 109 students (80 male, 29 female) 
participated in the test. The age of students was between 
18 and 30. For 58% of the students, this semester was 
their first semester at the University of West Hungary. 
The test consisted of 12 maps. The first one showed 
the municipalities of Hungary to help identify those 
territories on the other maps which were affected by 
earthquakes. 
In visualizing earthquake data, there are several 
attributes which can be important: (1) date, (2) coordinate 
(epicentre or the hypocentre), (3) magnitude or intensity. 
Traditionally, the magnitude is one of the most important 
attributes in visualizing earthquakes, but the authors found 
that showing the released energy and the number of events 
can be just as important as presenting magnitudes. 
Examining the possible generalization with a help of a 
Borland C++ Builder program, the authors divided the 
study area into small grids (0.1º × 0.1º), and the program 
counted how many earthquakes occurred within one grid, 
and how much energy was released during the earthquake 
(E = 10(1.5M + 4.8) joules, where M = magnitude of the 
earthquakes). 
The aggregated data for these unified cells can be 
easily drawn on the map. 3D visualization was also 
implemented as a way of representing the catalogue. This 
method for aggregation can handle and reduce the 
problem of inconsistency of the Catalogue (XXXXX, 
2011). 
The largest number of detected earthquakes 
happened in the Vértes Mountains region, but a few larger 
earthquakes produced significant energy release in other 
areas too. 
4. Preparation of the test maps 
The earthquakes as natural phenomena are connected to 
the microplate system and faults in Hungary. This 
phenomenon is usually displayed on maps by using 
graduate symbols and isarithmic method. 
In earthquake maps, the colour has an important role. 
Several research papers discussed the optimal usage of 
colours for statistics (Bertin 1967; Mersey 1990). Mersey 
tested the hue, intensity and value, and proved that people 
are able to recognize easier the difference between hues 
than values, though in a cartographic situation when 
colours are separated and appear in different environment 
it is more complicated to recognize them. Potash (1977) 
stated that only 8–9 values can be recognized. However, 
according to Robinson (1952), 6 to 10 values can be 
distinguished by an untrained person. In the case of cold 
colours, less value can be recognized than in the case of 
warm colours. Using this theory McCarty and Salisbury 
(1961) made the first experiment with isarithmic maps, 
where the different impact of hue, value and intensity was 
analysed. Cuff’s (1973) investigation showed that the 
progressive sequence of one colour can show the 
difference between quantities, but some researchers 
proved that traditional colour sequences are more difficult 
to use for test persons (Miller 1974; Saunders 1961–
1962). 
These theories and tradition (graduated symbols, 
isarithmic method) were fully considered by the authors of 
the present article while designing the test maps.  
Each participant received the same 11 test maps with 
different designs, and they were asked to answer the same 
questions. The original database with all the data of the 
Hungarian Earthquake Catalogue was used on each map, 
but the data was handled differently. The authors also 
created and tested maps applying various cartographic 
methods. 
The first map was intended to help test persons identify 
the different areas of Hungary (as they were not 
geographers, it may have caused them problems to 
identify places). Map 2 showed different magnitudes with 
graduated point symbols, Map 3 depicted energy release 
with graduate point symbols. Map 4 used graduated point 
symbols showing energy, but the data was handled with 
the aggregation method mentioned in Section 2.1. Maps 
5–12 were different heat maps, where IDW interpolation 
was used to create a surface from the point data. Map 5 
showed the distribution of released energy. Maps 6 to 10 
showed the aggregated number of earthquakes (see 
Section 1.) using the result of the aggregation method 
designed by the authors. On Maps 6 and 10 the authors 
used different values of the same color (red), but isolines 
were also applied on Map 6. Cold hue was applied on 
Map 9; on Map 8. different values and hues were used. On 
Map 7, different values and hues were used to show the 
aggregated value of released energy. Maps 11–12 used 3D 
visualization, where Map 11 showed the aggregated 
number of released energy as a surface, meanwhile Map 
12 gave information on the number of earthquakes. 
 
 
Fig. 1. Test maps depicting the amount of released 
energy of earthquakes 
 
Fig. 2. Test maps showing magnitude or the number 
of earthquakes 
5. The experimental tasks 
The purpose of the test was to simulate the experimental 
phases when test persons studying about seismicity.  
The participants conducted the experiment in a computer 
lab. The maps were prepared in ArcGIS at 1 : 3 million 
scale. This scale allowed participants to analyse the map 
as a whole on the screen, but the authors experienced that 
they magnified the map to see the details. 
The test generally lasted for 45–60 minutes. It consisted of 
39 questions related to 11 maps. Each question was 
connected to one map indicated at the end of the question. 
The questions were focused on (1) how well participants 
could estimate where the biggest earthquakes were, (2) 
how well they could compare the magnitude and the 
number of earthquakes and the extent of released energy, 
and (3) how well they could put the seismic regions in 
ascending order according to the magnitude of past 
earthquakes. 
The tests were designed on an e-learning platform, and the 
participants used this platform while answering the 
questions and examining the maps. Some of the test maps 
can be seen in Figures 1 and 2. 
6. Results 
Most of the test participants, 109 students of the 
University of West Hungary, answered and finished the 
test successfully, although taking part in the test was not 
obligatory. Only 2–3 of the participants were not able or 
not willing to complete the tests properly. All the answers 
of the 109 test persons were analysed and taken into 
consideration. Out of 43 questions, 39 meant a task 
connected to the maps (the first 4 questions were on the 
age, class etc. of the participants). The test contained both 
simple and complex tasks for the test persons.  
Different questions were applied when the theme of the 
map (released energy or number of earthquakes) was 
variant. The same or similar questions were applied in the 
case of maps where the released energy was illustrated 
with different aggregation and cartographic methods. 
Table 1 and Table 2 show the first results of the tests. 
The results clearly indicate that retrieving information 
from the earthquake catalogue map is not a simple 
process. As the spatial pattern is smoothly distributed in 
the case of a phenomenon like temperature, the isarithmic 
representation can be easily interpreted by non-scientists 
too. However, the earthquakes are connected to fault 
systems, which are not equally distributed in space. 
Abrupt value changes in colours are observable only on 
small parts of the map. However, to recognize these 
sudden changes may be problematic for the map-reader. 
Table 1. The results of tests analysing released energy 
(percentage of good answers) 
 
Table 2. The results of tests analysing the number of 
earthquakes (percentage of good answers) 
 
The simplest task proved to be the determination of 
the location where the largest earthquake occurred. In this 
task, the best result was connected to the using of 3D map. 
Preparing the ascendant sequence of energy release was 
the most difficult assignment for the participants, though 
3D maps seem to be very effective in this task also. A 
second finding is that 3D visualization is not effective in 
defining the exact number of earthquakes and released 
energy, so in the visualization of earthquake catalogue one 
should be careful about applying 3D visualization. These 
findings clarify that 3D mapping can be an effective tool 
if scaling and proper visualization are improved. 
Analysing the results of each test, it became evident 
that when the questions referred to a region or the 
surrounding of a place, participants understood the extent 
of regions quite differently. In defining exact locations, 
the authors used a reference data layer showing the 
municipalities of Hungary. In the test, questions were 
asked about regions around or near municipalities. It was 
difficult for the participants to understand which extent or 
surroundings were connected to the given municipalities. 
Future research should clarify or mark on the map what 
extent should be analysed by the participants. Eliminating 
these uncertainties can improve the results. 
Conclusions 
Comparing different visualization methods for 
representing Earthquake Catalogue data, the aggregation 
method designed by the authors proved to be a useful tool 
in analyzing and processing large data for the public. The 
spatial patterns could also be visualized on maps, which 
provided a clear and well-structured image of the 
phenomena. Although 3D visualization was also analyzed, 
the result clearly shows that this method in defining 
differences of quantities was not very efficient but, on the 
contrary, in defining the highest and the lowest values and 
the ascending order of number of earthquakes and 
released energy proved to be very effective. The findings 
of the present study would be a good basis of making high 
quality prediction maps by choosing appropriate 
visualization methods for communicating earthquake 
hazards to the community. 
 
Acknowledgements 
The authors thank the Hungarian Academy of Sciences for 
providing the data used in this study. The authors thank all 
the students from geoinformatical system classes for 
participating in the test. These classes were held in the 
former Department of Geoinformation Sciences at the 
Faculty of Geoinformatics, University of West Hungary in 
the year 2012. This study was supported by the TAMOP-
4.2.2.C–11/1/KONV-2012-0015 (Earth-system) project 
sponsored by the EU and European Social Foundation. 
 
References 
Bertin, J. 1967. Semiology of graphics: diagrams, networks, 
maps. University of Wisconsin Press, 1983 (first published 
in French in 1967, translated into English by W. J. Berg in 
1983) 
Chen, Q.-F.; Wang, K. 2010. The 2008 Wenchuan earthquake 
and earthquake prediction in China, Bulletin of the 
Seismological Society of America 100: 2840–2857. 
http://dx.doi.org/10.1785/0120090314 
Cuff, D. J. 1973. Shading on Choropleth maps: some suspicions 
confirmed, Proceedings of the Associations of American 
Geographers 1973/5: 50–54. 
Gooding, M. 1998. Studying Seismic Activity Using ArcView GIS 
and 3D Analyst [online], [cited 9 June 2011]. Available 
from Internet: 
http://www.esri.com/news/arcuser/1098/quake.html  
Grünthal, G., et al. 1999. Seismic hazard assesment for 
Central, North and Northwest Europe: GSHAP Region 3, 
Annali di Geofisica vol. 42. No.6 December 1999 [online], 
[cited 10 September 2011]. Available form Internet: 
http://www.annalsofgeophysics.eu/index.php/annals/article
/viewFile/3783/3847   
Kafka, A. 2007. Does seismicity delineate zones where future 
large earthquakes are likely occur in intraplate 
environment?, in S. Stein, S. Mazzotti (Eds). Continental 
intraplate earthquakes: science, hazard, and policy issues. 
Special Paper, 425. GSA, Boulder CO, 35–48. 
Kerr, R. A. 2011. Seismic crystal ball proving mostly cloudy 
around the world, Science 332: 912–913. 
http://dx.doi.org/10.1126/science.332.6032.912 
 Kiszely, M.; Pődör, A. 2011. A földrengések eloszlásának 
statisztikai vizsgálata – két esettanulmány, GEOMATIKA 
XIV: (1) p. 111-120.  
Kitaibel, P.; Tomtsányi, Á. 1814 (1960, facsimile): Dissertatio 
de terraemotuingenereacinspecie Mórensi anno 1810. 
Budae,McCarty, H. H.; Salisbury, N. E. 1961. Visual 
comparison of isopleth maps as a means of determining 
correlations between spatially distributed phenomena, 
Report No. 3. Iowa City: State University of Iowa. 80 p.  
Mersey, J. E. 1990. Colour and thematic map design. The role of 
colour scheme and map complexity in Choropleth map 
communication. Monograph 41, Cartographica 27(3): 5–
33. 
Pődör, A.; Kiszely, M. 2010. Földrengések térképen történő 
ábrázolásának 200 éves története, Magyar Geofizika 50(4): 
172–179. 
Pődör, A. Kiszely, M. 2011. Visualization problems of the 
Hungarian Earthquake Catalog, in GeoViz: Linking 
Geovisualization with Spatial Analysis and Modelling, 10–
11 March 2011, Hamburg, Germany. 
Potash, L. M. 1977. Design of maps and map-related research, 
Human Factors 19(2): 139–150. 
Robinson, A. H. 1952. The look of maps. Madison: The 
University of Wisconsin Press. 105 p. 
Saunders, B. G. R. 1961–1962. Map design and colour in 
special-purpose (geographic) cartography, Cartography 
1961–1962(4): 5–9. 
Stein S.; Liu, M. 2009. Long aftershock sequences within 
continents an implications for earthquake hazard 
assessments, Nature 462: 87–89. 
http://dx.doi.org/10.1038/nature08502 
Tóth, L.; Mónus, P.; Zsíros, T.; Kiszely, M.; Kosztyu, Z. 1995, 
1996, 1997, 1998, 1999, 2000, 2001. Hungarian 
Earthquake Bulletin. GeoRisk, Budapest. 
Tóth, L.; Mónus, P.; Zsíros, T.; Kiszely, M.; Czifra, T. 2002, 
2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010. 
Hungarian Earthquake Bulletin. GeoRisk MTA GGKI, 
Budapest. 
Tóth, L.; Mónus, P.; Zsíros, T.; Kiszely, M.; Czifra, T. 2011. 
Hungarian Earthquake Bulletin. GeoRisk-MTA GGKI, 
Budapest. 
Tóth, L.; Bus, Z.; Győri, E.; Mónus, P.; Zsíros, T. 2006. Seismic 
hazard in the Pannonian region, in N. Pinter, G. Grenerczy, 
J. Weber, S. Stein, D. Medak (Eds.). The Adria microplate: 
GPS Geodesy, tectonics, and hazards, NATO ARW Series 
vol. 61. Springer Verlag, 369–384. 
Tóth, L.; Mónus, P.; Bus, Z.; Győri, E. 2008. Seismicity of the 
Pannonian basin, in E. S. Husebye (Ed.). Earthquake 
monitoring and seismic hazard mitigation in Balkan 
countries, NATO ARW Series, vol. 81. Springer Verlag, 
97–108. http://dx.doi.org/10.1007/978-1-4020-
6815-7_6 
Zsíros, T. 2000. A Kárpát-medence szeizmicitása és 
földrengésveszélyessége: Magyar földrengéskatalógus 
(456-1995) [Seismicity and seismic hazard of the 
Carpathian basin: Hungarian earthquake catalogue (456-
1995)]. MTA FKK GGKI. Budapest. 495 pp. ISBN 963-
8381-15-9. 
 
 
